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MEDICAL INJECTOR WITH RATCHETING PLUNGER

FIELD OF THE INVENTION

This invention relates to dispiaceable medical injector plungers and, more

particularly, to ratcheting medical injector plungers.

BACKGRQUNP OF THE INVENTION

Medical injectors are well known in the art including syringes and pen injectors

Medical injectors typically include a plunger for advancing one or more stoppers in

delivering a medicament during an inj ection Although it is known in the prior art to provide

syringe plungers with teeth or other features to prevent retraction and re-use after an initial

injection, syringe plungers are typically actuated through direct application of linear force.

Dose size is a direct function of plunger displacement. It may be difficult to control linear

displacement of the plunger, thus, resulting in difficulty over control of dose size.

As for pen injectors, a lead screw or other rotating plunger is provided which is

mechanically coupled to a dose-setting knob or other actuator through a series of mechanical

connections. The typical pen injector mechanism is fairly complex and consists of multiple

cooperating parts. For costs reasons and simplicity of use, a minimum number of working

parts is desired.

A medical injector is provided herein having a body with a dispiaceable plunger The

plunger includes a plurality of spaced-apart ratchet teeth disposed along the length thereof.



At least one indexer is provided formed to engage the plunger, wherein the indexer is

configured to allow the plunger to displace distal Iy towards a distal end of the body but not

proximally towards a proximal end of the body. The medical injector also includes an

actuator having an engagement portion formed to engage one or more of the ratchet teeth.

The actuator is dispiaceabie to a ready state, the engagement portion being displaced

proximally relative to the plunger with the actuator being displaced to the ready state. The

indexer prevents proximal movement of the plunger thereby allowing the engagement portion

to by-pass one or more of the ratchet teeth with the actuator being displaced to the ready

state. In addition, the actuator is dispiaceabie from the ready state to cause actuation of the

medical injector. The displacement from the ready state causes distal displacement of the

engagement portion with the engagement portion engaging one or more of the ratchet teeth

and causing distal displacement of the plunger with the engagement portion.

Advantageously, the subject invention provides a plunger for a medical injector which may

be controllably advanced with a minimum number of cooperating parts.

These and other features of the invention will be better understood through a study of

the following detailed description and accompanying drawings.

Figure 1 is a perspective view of a medical injector formed in accordance with the

subject invention;

Figure 2 is a plunger useable with the subject invention;

Figure 3 is a cross-sectional view taken along line 3-3 of Figure 2;

Figures 4-6 show operation of a medical injector formed in accordance with the

subject invention;



Figures 7-8 show two different rockers useable with the subject invention;

Figures 9-1 ϊ show operation of a medical injector formed in accordance with the

subject invention using a rocker;

Figures 12-13 show the use of a multi-link rocker in accordance with the subject

invention;

Figure 14 shows a dose counter useable with the subject invention; and,

Figures 15-17 show the use of a pivotable actuator useable with the subjection

invention.

DETAILED DESCRIPTION OF THE INVENTION

With reference to the figures, a medical injector 10 is shown having a ratchetabie

plunger 12 provided therewith. As will be appreciated by those skilled in the art, the medical

injector 10 may be of various forms, including being a syringe or pen injector In accordance

with the subject invention, the medical injector 10 is particularly well-suited for

administering at least one fixed dose, even better suited for administering a series of fixed

doses. The medical injector 10 may be configured in any way known to be compatible with

the plunger 12 as described herein. The medical injector 10 may include a reservoir 14 for

accommodating an injectable medicament, which may be a drug cartridge or formed directly

in the medical injector 10. The reservoir 14 may have one or more stoppers 16 associated

therewith as known in the art. The medical injector 10 may be also provided with a needle 18

for injection which may be removably attached or affixed to the medical injector 10 such as

in a "staked" arrangement.

The plunger 12 is elongated and generally flat. A plurality of spaced-apart ratchet

teeth 20 are disposed along the length of the plunger 12. In a preferred arrangement, the



plunger J2 includes a plate-shaped body 22 having opposing first and second faces 24, 26.

The ratchet teeth 20 are disposed on the first face 24 and, in a further preferred arrangement,

also on the second face 26. Preferably the ratchet teeth 20 on the first and second faces 24,

26 are axially aligned along the length of the plunger 12.

The ratchet teeth 20 are configured to permit unidirectional movement of the plunger

12. Particularly, with reference to Figure 3, the ratchet teeth 20 are preferably saw-tooth

shaped having a ramped surface 28 and a shoulder stop 30. As shown in Figure 3. the

ramped surfaces 28 of the ratchet teeth 20 on both the first and second surfaces 24, 26 are

oriented to face in the same general direction. The shoulder stops 30 extend transversely

from the first and second faces 24, 26, preferably at a substantially perpendicular orientation.

The plunger 12 may also have one or more rails 27 extending from the first face 24

and/or the second face 26. The rails 27 may be formed to slide through one or more

corresponding shape-mating slots formed in the medical injector 10. The rails 27 may

provide stability during use, particularly during translation of the plunger 12.

With reference to Figures 4-6, the plunger 12 is disposed in a body 32 of the medical

injector 10. The body 32 includes a distal end 34, located to be directed towards a patient

during an injection, and a proximal end 36, located to be away from a patient during an

injection (Figure 1) . During use, the medical injector 10 is configured to permit the plunger

12 to move unidirectionally therein in a distal direction towards the distal end 34, but not in a

proximal direction towards the proximal end 36. To facilitate such unidirectional movement,

at least one indexer 38 is provided foπned to engage the plunger 12. The indexer 38 is

configured to allow the plunger 12 to displace distally towards the distal end 34 of the body

32 but not proximally towards the proximal end 36 of the body 32.



The indexer 38 includes a deflectable pawl 40 which, as shown schematically in

Figure 3, includes a ramped engagement surface 42 and an outward facing stop surface 44.

The indexer 38 is outwardly deflectable to permit the engagement surface 42 to ascend the

ramped surface 28 of an individual of the ratchet teeth 20 with the plunger 12 moving distally

relative thereto. With sufficient distal movement, the indexer 38 by-passes the ratchet teeth

12, and under inherent resilience of the indexer 38, snaps inwardly such that the stop surface

44 is aligned with the shoulder stop 30. Preferably, the stop surface 44 is formed to be

generally parallel to the shoulder stop 30. With rearward (proximal) movement of the

plunger 12, the shoulder stop 30 and the step surface 44 interfering!)' engage thus preventing

proximal movement of the plunger 12 In a preferred embodiment, a pair of the indexers 38

are provided so as to act. against the ratchet teeth 20 located on both the first and second faces

24, 26, as shown in Figures 4-6. It is further preferred that a pair of the indexers 38 be

provided which are axially aligned thus providing a pinching effect to the plunger 12. This

pinching effect may provide a stable holding force for the plunger 12

The indexer 38 may be formed to be deflectable through inherent resilience, such as

through material selection (e.g., being formed of a thermoplastic). In addition, or

alternatively, the indexer 38 may include a cantilevered arm 46 which permits deflection of

the associated pawl 40. The indexer 38 is formed to have a natural, unbiased state as shown

in Figures 4-6, where the indexer 38 is positioned to act against the shoulder stop 30 of the

ratchet teeth 20. The cantilevered arm 46 is formed with sufficient internal memory to

provide the unbiased state for the indexer 38.

The medical injector 10 also includes an actuator 48 having an engagement portion 50

formed to engage one or more of the ratchet teeth 20. The engagement portion 50 preferably

includes an engagement pawl 52 having a ramped engagement surface 54 and an outward



facing stop surface 56 configured like the pawl 40 described above. Preferably, two of the

engagement portions 50 are provided located to engage the ratchet teeth 20 located on the

first and second faces 24, 26.

With reference to Figure 4, the plunger 12 is positioned to engage one of the stoppers

16. To cause actuation of the medical injector 10, as shown in Figure 5 the actuator 48 is

moved to a ready state, with the engagement portion 50 moving proximally. The indexer 38

prevents proximal movement of the plunger 12, thus allowing the actuator 48 to move

proximally relative to the plunger 12. With the plunger 12 being held stationary, and the

engagement portion 50 moving proximally relative to the plunger 12, the engagement portion

50 by-passes one or more of the ratchet teeth 20. The actuator 48 is displaced sufficiently to

achieve a ready state.

For actuation of the medical injector 10, the actuator 48 is displaced from the ready

state with distal movement of the engagement portion 50 The engagement portion 50

engages one or more of the ratchet teeth 20, particularly with interfering engagement between

the shoulder stop 30 and the stop surface 56. In particular, the engagement portion 50

engages the next distal ratchet tooth 20. Distal movement of the engagement portion 50

causes the plunger 12 to move distally therewith. Distal movement of the plunger 12, in turn,

causes distal advancement of the stopper 16 in causing an injection to be administered. The

ratchet teeth 20 are able to by-pass the indexer 38 in the distal direction.

The size of a dose to be administered by the medical injector 10 is a function of the

spacing between the ratchet teeth 20 and/or the amount of proximal displacement of the

engagement portion 50 relative to the ratchet teeth 20 with the actuator 48 moving to a ready

state. To create a fixed dose, one or more keys 58 may be defined on the medical injector 10

and/or the actuator 48 which are formed to nest within and slide along corresponding



channels 60 formed in the medical injector 10 and/or the actuator 48 As shown in Figures A-

6, it is preferred that the keys 58 be formed on the actuator 48 and the channels 60 be formed

in the medical injector 10. With reference to Figure 4, the keys 58 are at the distal end of the

channel 60, prior to use. With proximal displacement of the actuator 48, the keys 58 are

proximal Iy advanced in the channels 60 to a proximalmost position corresponding to the

ready state of the actuator 48. The length of the travel of the keys 58 in the channels 60

restricts the range of movement of the actuator 48 in defining the size of the dose

administrable by the medical injector 10. As shown in Figures 5 and 6, the keys 58 are

advanced distaily with the actuator 48 during use to a distalmost position.

The actuator 48 shown in Figures 4-6 is a linear slide actuator which applies force

directly to the plunger 12. As will be appreciated by those skilled in the art, the actuator 48

may be of various configurations. With reference to Figures 7-8, the actuator 48 may include

a rocker 62 pivotally mounted thereto. The rocker 62 is frame-shaped having a first end 64

for pivotal mounting to the actuator 48 and a second opposing end 66 for pivotally mounting

to the medical injector 10. The engagement portion 50 is located between the first and

second ends 64, 66. As shown in Figures 7-8 two of the engagement portions 50 may be

provided to coact with the ratchet teeth 20 being located on the first and second faces 24, 26.

It is noted that the spacing between the first and second ends 64, 66 affects force

transmission from the actuator 48 to the plunger 12 particularly in the generation of torque.

The spacing L between the first and second ends 64, 66, as well as the spacing Sl, S2 of the

engagement portion 50 from the first and second ends 64, 66. affects how torque is generated

and transmitted to the piunger J2 .

With reference to Figure 9, the actuator 48 is shown in an initial pre-use state with the

rocker 62 being inclined distaily. With reference to Figure 10, the actuator 48 has been



advanced to the ready state with the rocker 62 having been drawn proximal! y with rotation

about the second end 66 so as to be inclined a proximal direction During this movement

the engagement portion 50 by-passes one or more of the ratchet teeth 20 m the same manner

as described above A shown in Figure 11 the actuator 8 i displaced from the ready state

to cause actuation of the medical injector 10 With displacement of the actuator 48 from the

ready state, the rocker 62 is caused to advance distaliy about the second end 66 with the

engagement portion 50 causing the plunger 12 to also advance distaliy Dose size may be

restricted both by the key 58/channel 60 arrangement described above and/or by the iange of

motion of the rocker 62

At, will be appreciated by those skilled in the art, the rocker 62 may be directly

coupled to the actuator 48, as shown in Figures 9- 11 As will be appreciated by those skilled

in the ait, a mulli-link arrangement may be used to couple the rocker 62 to the actuator 48

With reference to Figures 12-13, one or moic links 68 may be connected between the rocker

62 and the actuator 48 tor piovide force for displacement thereof Any arrangement of the

hnks 68 may be utilized which transmits force from the actuator 48 to the iockei 62 As

shown in Figutes 12 13, two of the links 68 (68A, 68B) are utsiized with the link 68A being

pivotal Iy connected to the actuator 48 and pivotaily connected to the link 68B, and with the

link 68B being pivotaily connected to the link 68A and pivotaily connected to the rocker 62.

The hnk 68A, 68B collectively tiansmit force to the rocker 62

With reference to Figures 15-17, the actuator 48 may be arranged to be non-linearly

displaced As shown in Figures J5-17, the actuator 48 may be formed to pivot about a

fulcrum 70 With the actuator 48 pivoting outwardly from the medical injector 10 about the

fulcrum 70. the engagement poition 50 is caused to be displaced proximally ConveiseJy,

inward Divoting of the actuator 48 about the fulcium 70 causes distal disolacement of the



engagement portion 50. The engagement portion 50 coacts with the plunger 12 in the same

manner as described above.

With reference to Figures 15 and 16, the medical injector i0 is shown in a pre-use

state. To facilitate handling of the actuator 48, a grip ring or pad 72 may be provided which

extends radially outwardly from the medical injector 10 to facilitate displacement of the

actuator 48. To prepare for use, as shown by the arrow in Figure 16, the actuator 48 is

pivoted to a ready state as shown in Figure 17. To cause actuation of the medical injector 10,

the actuator 48 is pivoted inwardly from the ready state, as shown by the arrow in Figure 17.

The size of the dose may be fixed with the actuator 48 being pivotable by limiting the

range of rotation of the actuator 48 A portion 74 of the medical injector 10 may be

configured to limit the range of rotation of the actuator 48, particularly outward rotation, such

limited range corresponding to the ready state.

As will be appreciated by those skilled in the art, the medical injector 10 may be

utilized with various features. With reference to Figures 12-14, a dose counter may be

provided with the medical injector 10 which gives an indication of the number of available

doses to be administered. For example, a series of dose indicating holes 76 may be formed in

the medical injector 10, particularly to be visible from the outside thereof. A pointer 78 may

be provided on the actuator 48 which is formed to be visible through a single of the dose

indicating holes 76 at a given instance. During use, with the plunger 12 being distally

advanced dose by dose, the pointer 78 is likewise advanced along the series of the dose

indicating holes 76 The number of the dose indicating holes 76 located distally of the

pointer 78 provides as an indication of the remaining number of doses. With the pointer 78

appearing in the distalmost of the dose indicating holes 76, indication is provided of no

remaining available doses for administration.



ϊ t is preferred that the pointer 78 be formed of a contrasting color relative to the

portion of the medica! injector 10 located about the dose indicating holes 76 such that the

pointer 78 is readily visible through the dose indicating holes 76.



What is claimed is:

i . A medical injector comprising:

a body having a distai end and a proximal end;

a displaceable plunger disposed in said body, said plunger having a plurality of

spaced-apart ratchet teeth disposed along the length thereof;

at least one indexer formed to engage said plunger, wherein said indexer is configured

to allow said plunger to displace distally towards said distal end of said body but not

proximally towards said proximal end of said body; and

an actuator having an engagement portion formed to engage one or more of said

ratchet teeth, wherein, said actuator is displaceable to a ready state, said engagement portion

being displaced proximally relative to said plunger with said actuator being displaced to said

ready state, said indexer preventing proximal movement of said plunger thereby allowing

said engagement portion to by-pass one or more of said ratchet teeth with said actuator being

displaced to said ready state, and, wherein, said actuator is displaceable from said ready state

to cause actuation of the medical injector, said displacement from said ready state causing

distai displacement of said engagement portion with said engagement portion engaging one

or more of said ratchet teeth and causing distal displacement of said plunger with said

engagement portion.

2 . A medical injector as in claim 1, wherein said actuator is slidably displaceable

relative to said body.



3 . A medical injector as in claim 2, wherein at least one key is formed to extend

from said actuator or said body and a channel is formed in the other of said actuator and said

body, said key being configured to be slidably received in said channel.

4 A medical injector as m claim 1, wherein said actuator is pivotably

dispiaceable relative to said body.

5 . A medical injector as in claim 4 wherein a portion of said body is configured

to limit radially outward displacement of said actuator.

6 . A medical injector as in claim 1, further comprising a rocker pivotally

connected to said actuator and pivotally connected to said body.

7 . A medical injector as in claim 1, further comprising a rocker pivotally

connected to said actuator and pivotally connected to a link.

8 . A medical injector as in claim 7, wherein said link is pivotally connected to

said actuator.

9 . A medica! injector as in claim 7, further comprising a second link, said first-

mentioned link being pivotally connected to said second fink.

iθ. A medical injector as in claim 1, wherein a plurality of dose indicating holes

are formed in said body, and wherein, a pointer extends from said actuator, said pointer being



configured to be visible through a single of the dose indicating holes at an instance, said

pointer providing indication of the remaining number of doses in the mεdica! injector.
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